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Guidelines

Environmental Genomics and Carcinogenesis Panels

Experimental Approaches

Explore the multagenic and carcinogenic effects of environmental mutagens and carcinogens, including chemical,
physical and biological agents. To study the latest technol ogies and mechanistic ideas on molecular events
which directly or indirectly impact induction of cancer.

1 Incorporate the newest ideas and mechanistic models of transformation of normal cellsinto tumor cells.
Thisincludesregulatory eventsin cell clycle, both germ cell and somatic cell mutations, signal transduction,
DNA repair, oxidative stress, hormonal interactions, mitochondrial pathways, etc.

2. Development and evaluation of transgenic rodent models for assaying mutagenicity and carcinogenicity in
short-term and long-term assays.

3. Incorporation of genomic and toxicol ogic data bases for evaluation of synergistic effects of environmental
carcinogens and mutagens.

4. The study of proteins as the effector molecules of gene translation, and the role of post-translational
modification on modulation of the cell’s regulatory pathways, and the overall effects on disease causation.

5. Utilization of proteomic, mass spectral, and microarray technologiesfor understanding very early effects of
toxic environmental agents.

Sudiesin Human Populations

Research on the effects of chemical and physical agentsin populations based upon the latest molecular know!-
edge of the mechanism of mutagenesis and carcinogenesis.

1 Application of human monitoring methods in subsets of individuals (e.g. waste sites, chemical plants, agri
culture, factories, etc.) to determine exposure, molecular binding and disruption of cellular macromolecules
by chemicals.

2. Population studies using the role of individual molecular genetic changes for susceptibility to disease by
environmental agents. The significance of single nucleotide polymorphismsin metabolism of toxic agents,
drug metabolism and efficiency of enzymatic pathways.

3. Incorporation of the latest technologies to monitor work place exposure for the presence of mutagenic or
carcinogenic exposures.

Multidisciplinary Approaches
The confluence of human genetic knowledge derived from sequencing the human genome, and the dramatic

growth of genetic technologies, has enabled a more rapid and sensitive analysis of the systematic effects to
humans by environmental insult.
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Five-Year Summary

Broad Goals

The monumental expansion of
molecular biology has dramatically
altered study of the paradigm of
disease causation. Human genetic
knowledge derived from advanced
biochemical technology has
advanced the understanding of the
genesis of both genetic and
environmentally caused diseases
down to the molecular level.
Furthermore, these new technol o-
gies have enabled analysis of
biochemical pathways that maintain
cellular homeostasis to come under
increasing scrutiny and have led to
a better understanding of the
validity of the mouse and the rat as
surrogate models for human
disease. The Environmental
Genomics and Carcinogenesis
Panels continue to focus on the
interaction of genetics and the
environment, assembling the
burgeoning growth of human and
nonhuman toxicological datato
increase understanding of their
parallel pathways. Thus new ideas
can be formulated for further use of
both systems in congruence to
better understand the molecular
bases for mutagenesis and carcino-
genesis.

The main thrust of the Panelsisto
exchangeinformation on all these
topics and to foster a collegial
atmosphere that is conducive to
transfer of information and exper-
tise. Scientists and physicians
from many countries are convened
in each annual meeting of the
Panels. The goal isto disseminate
information to laboratories
throughout the world, especially
those in Asia, developing coun-
tries, and areas with high risk of
exposure to environmental chemical
and physical agents.

Progressand Accomplish-
ments

Research on disease causation has
made extraordinary gainsin essen-
tially all scientific disciplinesduring
thelast 5 years. The ever-enlarging
knowledge base has its underpin-
ningsin the rate by which human
genomic information hasgrown. Itis
anticipated that a readable version of
the complete human genomewill be
availablein 2001. Understanding the
basic mechanisms of both normal cell
growth and transformation to disease
isbecoming clearer with the deeper
knowledge of molecular biology.
Mutation that |eads to disease can
now be better understood at the
biochemical level, wherealost or
disrupted step in the normal regula-
tory processes of the cell can be
moredirectly located. The Panel
meetings during the last 5 years have
clearly exhibited theexplosionin
technology, including the most
current scientific areas of research,
such as endocrine disruptors,
oxidative stress, transgenic models,
proteomics, microarray technology,
and single nucleotide polymor-
phisms.

Cancer isaheritable disorder of
somatic cells, and both environment
and heredity operate simultaneously
initsorigin. One of themost critical
areas of research is the possible
relationship of cancer to toxic
environmental chemicalsthat appear
to have estrogenic activity and their
effect on reproductive failure and
cancer. Uterineleiomyomas (fibroid
tumors) are the most common
gynecologic malignant tumor of the
femalereproductivetract. Study
findings suggest that the process of
carcinogenesis is dependent on
ovarian steroid hormones and that
the action of environmental com-
pounds on the endocrine system may
contribute to development of these
tumors. Also, known risk factorsfor
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breast cancer explain approxi-
mately 30% of thevariability in
incidence. Risk factorsfor the
remaining 70% are unknown,
partly because breast cancer is
very heterogeneous, with multiple
factors contributing to the
etiology of the disease.

Malignant transformation may be
caused by anumber of lifetime
events and exposures, in combina-
tion with variability of key genes
that metabolize steroid hormones,
dietary factors, and chemical
carcinogens, as well as those
involved with DNA repair, signal
transduction, and cell-cycle
control. Identification of sub-
groups of women who are very
susceptible to particular agents, as
evidenced by variability in
response, can more clearly reveal
associations between disease risk
and factors that were previously
unclear. Theunderlying mecha-
nism of tumor promotion by these
compounds appears to result from
an increased responsiveness of
tumor cellsto signaling viathe
estrogen receptor. Tumor cells
display an increased capacity to
proliferateat low hormonelevels
and a decreased apoptotic
response to hormonal withdrawal.

Chlorinated dioxinsarean example
of thislarge family of ubiquitous
environmental contaminants that
produce a spectrum of adverse
biochemical and biological effects,
including reproductive, devel op-
mental, and carcinogenic effectsin
humans and in awide variety of
experimental animal models. The
general scientific consensus is
that most if not all effects of these
compounds are mediated by initial
binding to the arylhydrocarbon
receptor (AhR). For example, the
compound 2,3,7,8-
tetrachlorodibenzo-p-dioxin
(TCDD) promotesliver tumorsin
female Sprague-Dawl ey rats.



However, hepatocarcinogenesis and
proliferativeaction of TCDD are
observed only if the ovary isintact.
This finding suggests that the tumor-
promoting effect of TCDD may be
mediated either by direct modulation
of ovarian function or through
endocrineregulation.

Itisbecomingincreasingly clear that
individual differencesin specific
genes can have profound effects on
the ability to detoxify chemical
agents, as well as the degree of
receptivity to certain medicines.
These dlight variationsin gene
seguence, single nucleotide polymor-
phisms (SNPs), can have amarked
effect on the structure of the
translated protein, which then can
affect itsability to react with its
natural substrate. SNPs are the most
common form of variation and
disease-causing mutations in the
human genome. Because these
variants occur frequently, they are
likely to be associated with most
phenotypic differences in humans.
Emerging results suggest that the
level and patterns of sequence
variation found in human genes
could pose a challenge to identifica-
tion of the sites or combination of
sitesthat influence variation in risk of
disease within and among human
populations. For example, polymor-
phism of the CY P2A6 geneis
responsible for the activation of
promutagens and carcinogens in
tobacco. Gene deletions have been
seen in subpopulations of persons
who have poor metabolism, and
these persons may have a reduced
risk of lung cancer because metabolic
activation of these carcinogensis
lacking.

Therepair of DNA damageiscritical
to protecting cells from cancer-
causing agents. Recent reports
suggest that persons with even
marginal reductionsin the capacity to
repair DNA damage haveincreased
susceptibility to breast, lung, and

skin cancer. One study of repair
genes showed numerous SNPs, many
resulting in amino acid substitutions.
In addition, biochemical analysis has
shown that many of the amino acid
substitution variants are associated
with reduced function, whichis
probably related to relative suscepti-
bility to disease. Resultsfrom
genotyping of variantsin cancer
patients and control subjects indicate
that several variant allelesmay be
associated with cancer risk.

Understanding of this complex
interaction of genetics and environ-
mental agentswill requirecollection
and processing of qualitative and
guantitative data on many genes and
numerous enzymatic pathways that
are affected by estrogen-like agents.
In recent years, gene-chip technol-
ogy has allowed the assay of
thousands of genes at one time, and
this method has become increasingly
important for tracking the process of
mutagenesis and carcinogenesis.
Expression profiling, by use of large-
scale monitoring of gene expression
toinvestigate cellular mechanisms of
toxicity, will soon bewidely used.
Microarrays are manufactured to
represent entire cellular processes,
including responses of the immune
system, receptor biology, signal
transduction, protein modification,
membrane transport, growth and
development, chromatin metabolism,
cell adhesion and kinesis, and
regulation of the cell cytoskeleton.
For example, by using microarrays of
several hundred genes with rel-
evance to mechanisms of toxicity,
one can examine human breast and
uterine cell linestoward natural and
environmental estrogens and
antiestrogens, to identify transcrip-
tional targets of subtypes of the
estrogen receptor.

Genesdrive the biological functions
that characterize and distinguish
tissue types. Until recently, it has
not been possible to simultaneously
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and quantitatively measure the
expression levels of thousands of
human genes that characterize a
tissue. By developing large gene
arraysto determine the whole range
of normal genefunction, it will be
possible to rapidly screen for
suspected abnormal conditions seen
in disease. With use of this process,
specific tissues can be assayed for
unique sensitivity to suspected
environmental toxicants.

The meteoric progress in sequencing
the human genome has resulted in a
concomitant surge in proteomics. the
study of the identity and function of
all familiesof proteins expressed by
the genome at any given time or
condition. It isgenerally recognized
that proteins are the defining
elements for understanding cell
structure and function. This
knowledgewill becritical for under-
standing the underlying mechanisms
of disease causation. Because
proteins, the effector molecules,
consist of 20 building blocks, as
opposed to nucleic acids, which are
built from four, the degree of struc-
tural complexity manifestedin protein
isfar greater than that in nucleic
acids. Primary protein structure
deduced from genomic templates
does not yield an accurate map of the
final active species of aprotein.
Nascent proteins detaching from
ribosomes form straight chains and
must be modified post-tranglationally
by removal of amino acids, addition
of numerous other side-chain
molecules, or both, al of which
contribute to solubility, aswell asthe
secondary and tertiary structure of
the molecule. All these post-
translational changesare critical to
the ultimate functionality of the
protein, because they determine how
the proteinisto befolded initsfinal
structural transformation into a
unique three-dimensional shape. The
shape of each protein speciesis
unique, so each protein will usually
catalyze only one chemical reaction,



and only asingleligand can fit into
itsactivesite. Themyriad of
biochemical pathways function and
interact with each other. Asthis
knowledge growsfor the biochemis-
try of both normal and abnormal
conditions, the chronology, the
control steps for each pathway, and
the molecular reasons for mutational
errorsthat lead to disease will
become apparent.

For more compl ete characterization, a
protein is digested into peptides and
analyzed by tandem mass spectros-
copy (MS)-quadrapole M S, whichis
used to determine the correct amino
acid sequence of individua pro-
teolytically prepared peptides, for
comparison in adatabase for exact
identity. This processwill show
amino acid substitutions, as well as
post-translational modification. In
addition, it has become apparent that
SNPshaveacritical roleinan
individual’s susceptibility to disease.
A genetic polymorphism may have
several separate effects on a protein.
It can result in no coding change of

an amino acid, or it can cause an
amino acid changein aregion of the
protein that does not perturb the
active site or the conformational
shape necessary for a proper fit of
the ligand. Both types of changes
are“silent” SNPs. However, the SNP
may occur in aregion of the protein
that will modify itsability to react
with aligand, either by inhibiting
function or by altering itsreaction
kinetics sufficiently to hamper normal
enzymatic activity. Itisestimated
that there are approximately 17 million
SNPsin the human genome, with
about 5%, or 500,000, expected to be
in coding regions (average, about six
SNPs per gene). Of course, that
calculation does not take into
account the potential synergistic
effect of SNPsin proteinsinvolvedin
post-translational modification.

FutureGoals
The growth of genomic knowledge
and molecular biological techniques

will continue at an ever-increasing
rate. Sharing results, ideas, and new
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hypotheseswill be more and more
important for the Panels. Historicaly,
both the United States and Japan
have produced frontier research in
mutagenesis and carcinogenesis.
Perusal of past activities shows the
evolution of the Panels’ directionin
concert with the new and exciting
approaches to disease research. In
the early days, the emphasis was on
whole-animal studiesand short-term
mutagenesis assays. In the last
several annual meetings of the
Panels, there has been increased
emphasison (1) the growth in
knowledge about the mechanisms of
mutagenesis and carcinogenesis and
(2) the devel opment of transgenic
rodent models.

It isanticipated that the next 5 years
will see active collaboration and
discussion on the newest research
concepts in mutagenesis and
carcinogenesis, which span basic
research in both human and model
systems, aswell as epidemiologic
studies focused on the impact of
environmentally toxic agents.
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